One of the major weaknesses of using linear programming in natural resource management is that only a single criterion for determining the optimal strategy is allowed. A goal programming model is presented that allows for multiple, conflicting goals. Results are provided for a management area in northern Colorado. The trade offs between goals are demonstrated by comparison of results from multiple runs in which the order of goal preferences is varied. Goal programming is shown to be a very flexible decision aiding tool which can handle any decision problem formulated by linear programming more efficiently.
Public pressure and limited quantities of natural resources necessitate development of more reliable decision making techniques.
Modern natural resource managers are rapidly becoming aware of new decision aiding techniques which are capable of reviewing, utilizing, and organizing vast quantities of resource data.
During the past decade, many models utilizing operation research techniques have been developed to aid range and other resource managers. To date, the most common technique used has been linear programming (Nielsen et al., 1966; McConnen et al., 1965; D'Aquino, 1974; Bartlett et al., 1974) .
Decision makers realize, however, that linear programming models are single objective or single goal systems; the objective has commonly been profit maximization or cost minimization. Organizations seldom have a single goal; in fact, in public land manage-ment, the classical economic objective of maximum net revenue often rates only a low priority.
Linear programming has been modified in order to allocate resources when multiple conflicting goals are present (Charnes and Cooper, 1961) . The procedure is called goal programming.
The traditional method of solving multiple goal problems has been to define all goals in a common unit (usually dollars). Managers and most economists have been highly critical of this procedure as all goals cannot be translated into strictly economic terms. In goal programming, there is no requirement that the objectives be defined in the same value, terms. In fact, multiple goals may be in terms of board feet of timber, number of cattle, or dollars, as well as number of sales and regional incomes.
The only requirement in goal programming is that the manager can attach ordinal priorities or rankings to the goals that reflect the importance of each goal. For example, if the manager has two goals, (1) red meat production and (2) economic efficiency, he must rank one above the other before using goal programming. Once goals have been defined and ranked according to importance, a solution via goal programming can be obtained. The decision maker can then change the goal priorities, and by examining the solutions, he can obtain an estimate of the trade offs between goals.
The general logic of goal programming will be discussed, and the application t 0 natural resources explained.
A discussion of an application to a forest in northern Colorado has been completed. The results of the goal program have been compared to the results of a linear program.
Goal Programming
The concept of goal programming evolved as a result of unsolvable linear programming problems and the occurrence of conflicting multiple goals. Many allocation decisions arise in natural resource management because demands on the resource base exceed the supply capability of the ecosystems. In such instances, a linear programming model such as that developed by D'Aquino (1974) will provide the manager with three words, "no feasible solution."
Goal programming will provide solutions to infeasible linear programs. In fact, the basic concept of goal programming is "whether goals are attainable or not, an objective may be stated in which optimization gives a result which comes 'as close as possible' to the indicated goals" (Lee, 1972) . Goal programming provides the manager with estimates of achievement or nonachievement of his defined and ranked goals.
A simple example is needed to explain goal attainment. Let us assume a manager wanted to carry as close to 500 cow-calf units as possible on his ranch. Goal programming allows either overachievement or underachievement, depending on the particular decision problem. Overachievement would be any point above the 500 level, and underachievement, any point below this level. The objective of goal programming is to minimize the nonachievement of each actual goal level. If nonachievement is minimized to zero, the exact attainment of the goal has been accomplished.
Using the example above, the manager might be concerned with minimizing the underachievement, while overachievement might be more than acceptable and therefore not minimized.
For a single-goal problem, the formulation and solution is similar to linear programming with one exception. If complete goal attainment is not possible, goal programming will provide a solution and information to the decision maker. In problems with more than one goal, the manager must rank the goals in order of importance. when the deviational variables of the different goals have been minimized to the smallest possible value in order of importance.
Study Area
Goal programming was applied to a resource decision problem on the mountainous Colorado State Forest, located in northern Colorado (Fig. 1 ).
The area is approximately 9,050 acres of the southern portion of the State Forest, which ranges in elevation from 8,500 feet to over 11,000 feet. The area has been, and may increasingly become, a conflict area due to its location and its basic resource composition.
Winter may begin the last of August and continue through May. Therefore, resource use is concentrated in the 3-month period from June to August. The timber resource at present is capable of yielding approximately 1,275 cubic feet of lodgepole pine and 200 cubic feet of spruce-fir per acre in each of the respective ecosystems.
Results of pellet group counts give estimates of deer and elk populations that range between .12 and .15 days use per acre, which is typically related to total deer and elk population levels. Considering only areas on the site that are believed to be valuable to deer and elk, it was thought that approximately SO-60 deer and 50-60 elk frequent the area during the available season of 150 days.
Model Formulation
Several products have been identified on the study area: cow-calf months of grazing, steer months of grazing, recreation user days of camping, board feet of lodgepole pine and spruce-fir timber, and deer and elk months of grazing. Each of the products is derived from one or more of the seven available resources of the study area: domestic forage, phosphorus, protein, wildlife forage, fish, lodgepole pine, and spruce-fir, Table 2 outlines the quantities of the resources needed to produce one unit of each Table 2 . Quantities of resources needed to produce one unit of each product.
product. These values are based on the best available research results for areas similar to the study area.
Within each of the six vegetation types, several management alternatives have been defined, each of which would be expected to change the levels of production and some of the resources. Estimates of the expected effect of the management alternatives of the yields of the various resources for each of the vegetation types, together with projected unit costs, are summarized in Tables 3 through 8 . These estimates were based either on existing data in the area or research conducted on similar areas (Morrison, 1949; Stoddart and Smith, 1955; Vallentine, 197 1; and Cook, 1968) . The rates for the recreation user days were calculated on an opportunity cost basis in which the acreage was assumed used for recreational purposes and therefore removed from other resource production.
No n-product-oriented goals in Table 9 Conventional linear programming requires all constraints be met before profit is maximized. The same requirement must be made of goal programming before it can mimic linear programming. Setting all goals at a higher priority than the linear programming objective or only using one objective accomplishes the same end. The goals, goal levels, and priorities are shown in Table 9 . In the linear program, profit maximization was the objective function and the remaining eight goals were entered as minimum constraint requirements.
The results from the linear and goal programs were identical with all goals being met or exceeded. The number of steers and amount of lodgepole pine and spruce-fir timber were exceeded With two exceptions the ecosystems were managed under the "no action" alternative. One campground was constructed in the sagebrush-lodgepole ecotone and four patchcuts for wildlife were indicated in the spruce-fir community.
The goal program was reexamined after raising the budget level to $90,500 and then to $135,750 (Table  9) . Profit increased as a result of an increase in spruce-fir production and a slight increase in steers without an increase in cows. The only change in the management alternatives was an increase in the number of patchcuts in the spruce-fir ecosystem.
Some goals of the model were increased, as indicated in Table 10. A  linear program will not aid the decision maker in this case, because the ecosystem is not capable of producing all of the goals simultaneously at the given budget levels. Conflict for scarce resources forces the manager to sacrifice some of his goals in order to meet others. Multiple runs using linear programming would not show any trade offs between goals and would be many times more expensive. In such a situation, information concerning the trade off between goals would greatly aid the resource manager. To provide such information, the goal programming model was solved using several different orders of goal priorities. Such varying of the order of goals will be defined as parametric goal programming. Table 10 outlines the results of the three parametric goal programming runs, each of which has a different top priority goal. Table 10 also shows how the results differ if the budget is entered as a goal instead of a futed constraint.
Run one was based on profit maximization as the top priority goal. Steers were favored over cow-calf units, spruce-fir over lodgepole pine with no user days produced. The only alternative other than "no action" alternatives was 4.5 forty-acre patchcuts in spruce-fir. The profit generated was $926,337. All goals, whether completely achieved or not, were met to the fullest possible extent given the priority ranking.
The second test had user day production as the highest priority goal with priority of profit dropping to fourth. User day production increased to 38,613, which is the maximum given a fixed budget of $45,250. Eighteen campgrounds were indicated on the sagebrush-lodgepole ecotone. The cow-calf goal was met in this run because profit was no longer overriding this alternative.
Steer production dropped because of recreation and the presence of cow-calves. Spruce-fir production dropped because the budget was consumed in recreation development instead of timber harvesting; thus no patchcuts were indicated. Table 11 . Management alternatives selected priority rather than a constraint goal.
Elk numbers decreased slightly because of the overall decrease in wildlife forage being produced on the area. The profit was approximately one-half that of the first run.
The third test had steer production as the highest goal, followed by COWcalf, recreation, and profit. The results are the same as when recreation was the highest goal because the low goal level is met on all runs. This indicates to the manager that steer production is not a critical goal except as it relates to profit.
In the last test, the budget constraint was changed from a constraint to the last priority goal (tenth). In this case, all levels of the other goals were met but at a cost of $1,39 1,089. This is over 30 times the budget level of $45,250. The management alternatives indicated in the solution are shown in Table 11 .
Conclusions
The public ideally views the soundness of a decision-making process by the degree that goals are achieved by a decision. Goal programming measures the degree of goal attainment and has the ability to solve problems involving multiple conflicting goals according to an ordinal priority structure.
Goal programming enables the manager to program multi-objective problems. Goal programming is particularly applicable as a planning aid to agencies such as the Forest Service and the Bureau of Land Management, where multiple resource management is essential.
The goal-programming procedure is one more tool available to natural resource decision makers. We, as resource managers, must strive to improve our decision-making processes. Any tool which can, in any way, aid the decision maker in arriving at good solutions to complex problems should be reviewed, evaluated, and used when feasible.
under the goal program with budget as a last Model formulations have shown great promise as effective decisionaiding tools for natural resource allocation (D'Aquino, 1974; Bartlett et al., 1974) . The idea of using the level of goal attainment as objective functions rather than the conventional profit or cost seems to more closely approximate the actual thinking process of the manager. Quantification of this nature sets the foundation for an iterative updating system so necessary if operation research tools are to be used in practical applications to natural resource allocation processes.
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